Background: In the Phase III ARTEMIS Trial, treatmentnaive patients received once-daily darunavir/ritonavir (DRV/r) 800/100 mg (n=343) or lopinavir/ritonavir (LPV/r) 800/200 mg (total daily dose; n=346) plus fixed-dose tenofovir disoproxil fumarate/emtricitabine. The primary outcome measure was non-inferiority of DRV/r versus LPV/r (HIV type-1 [HIV-1] RNA<50 copies/ml). Here, a detailed 96-week resistance analysis is presented. Methods: Virological failures (VFs) were defined as patients who had lost (rebounders) or who had never achieved (never suppressed) HIV-1 RNA<50 copies/ml after week 12. Genotypic and phenotypic determinations were performed on plasma samples with HIV-1 RNA≥50 copies/ml. The end point was defined as the last on-treatment visit with available genotype and/or phenotype. Results: The VF rate was significantly lower in DRV/r (12%, n=40) versus LPV/r patients (17%, n=59; P=0.0437). Among DRV/r patients, 24 rebounded and 16 were never suppressed, whereas among LPV/r patients, 33 rebounded and 26 were never suppressed. Transient HIV-1 RNA increases (≥50 copies/ml) occurred in 50% (n=12) DRV/r and 48% (n=16) LPV/r rebounders; these viral levels returned to undetectable by end point without any changes to the study regimen. No major (primary) protease inhibitor (PI) resistance-associated mutations (RAMs) developed in VFs with an available genotype at baseline and end point, and almost all developing minor PI RAMs were polymorphic. At end point, all VFs with available phenotypes at baseline and end point remained susceptible to all PIs, including study PIs. Conclusions: The VF rate was lower with DRV/r than LPV/r.
The emergence of resistance to highly active antiretroviral (ARV) therapy (HAART) presents a significant challenge to managing HIV type-1 (HIV-1) infection. The choice of first-line therapy is crucial as the regimen needs to durably suppress HIV replication, but ultimately should prevent the emergence of drugresistant strains, which can lead to treatment failure and therefore limit options for future therapy [1] . Thus, the effect of emergent viral resistance should be considered when initiating ARV therapy and the characterization of the development of resistance to new ARVs is important in helping clinicians improve treatment decisions.
Although less common than emergent viral resistance, transmitted HIV-1 drug resistance can also affect the success of an initial ARV therapy, generally leading to a delay in virological suppression and an increased risk of earlier virological failure (VF) [2] .
Adherence to an ARV drug regimen has been strongly correlated with HIV viral suppression and reduced rates of resistance [3] . Because of the high replication and mutation rates of HIV-1, a high level of adherence is required to achieve durable suppression of HIV-1 replication and to reduce the risk of resistance development [4] .
Protease inhibitors (PIs) remain a widely used class for HIV therapy, with proven efficacy in treatmentnaive and treatment-experienced patients [3] . PIs have the advantage over other classes of ARV drugs in that resistance to most ritonavir-boosted PIs requires
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The PI darunavir (DRV; TMC114), has in vitro activity against both wild-type virus and multidrug-resistant HIV-1 strains [5] . In vitro, DRV has a high genetic barrier to the development of resistance [6] , which allows the retention of antiviral activity despite the occurrence of mutations within the target viral protein. DRV boosted with low-dose ritonavir (DRV/r) 800/100 mg once daily is approved in the USA [7] , Europe [8] and other countries for the treatment for HIV-1-infected treatment-naive adults as part of combination therapy. DRV/r at a dose of 600/100 mg twice daily is approved for the treatment of ARV-experienced adult patients in the USA [7] , Europe [8] and other countries.
In the ongoing Phase III ARTEMIS Trial (AntiRetroviral Therapy with TMC114 ExaMined In Naive Subjects), results of the 96-week analysis demonstrated that once-daily DRV/r 800/100 mg achieved both primary (non-inferiority) and secondary (superiority) virological objectives (HIV-1 RNA<50 copies/ml) versus lopinavir (LPV) boosted with low-dose ritonavir (LPV/r) 800/200 mg total daily dose in treatmentnaive patients [9] . At week 96, 79% of DRV/r patients achieved HIV-1 RNA<50 copies/ml compared with 71% of LPV/r patients (estimated difference =8.3%, 95% confidence interval [CI] 1.8-14.7; intent-to-treat/ time-to-loss of virological response [ITT-TLOVR] P=0.012 for superiority) [9] .
The present week 96 analysis investigates the genotypic and phenotypic changes observed in VFs and the role of adherence on virological response in the ARTEMIS Trial.
Methods

Study design
ARTEMIS is an ongoing, randomized, controlled, Phase III trial comparing the efficacy, safety, tolerability, resistance characteristics and pharmacokinetics of DRV/r versus LPV/r in treatment-naive HIV-1-infected patients (ClinicalTrials.gov identifier: NCT00258557). The methodology of this trial has been reported elsewhere [10] .
Analyses were performed on the 96-week dataset, at which time all patients had reached at least week 96 of treatment or discontinued earlier. All VFs in the dataset were included in the analyses, including those occurring prior to or after the week 96 time point. The χ 2 test was used to determine between-group significance.
Virological analyses
Plasma samples were collected at screening, baseline and at regular intervals thereafter. Viral phenotypic (Antivirogram ® ) and genotypic determinations were performed by Virco BVBA (Beerse, Belgium). Samples taken at screening, baseline, at weeks 24, 48, 72, 96 or at withdrawal visit were analysed when received. Further samples taken from VFs at other time points were analysed. Initially, phenotypic and genotypic determinations were only performed on plasma samples with HIV-1 RNA≥1,000 copies/ml [11] . In order to better assess the relationship between VF and resistance, additional testing was performed on all end point samples from VFs with low viraemia (HIV-1 RNA≥50 to <1,000 copies/ml). This resulted in more genotypic and phenotypic data at end point (defined as the last on-treatment visit with an available genotype and/or phenotype; Figure 1) . The same protocols were used for samples with low HIV-1 RNA concentration Sample HIV-1 subtype was derived as the best match between the determined protease-reverse transcriptase nucleotide sequence (determined by Virco BVBA) and the corresponding sequences from the Los Alamos National Laboratory subtype reference subset [12] .
Plasma HIV-1 RNA levels were measured using the Roche Amplicor HIV-1 Monitor Assay version 1.5 or the Roche Ultrasensitive method version 1.5 (Roche Molecular Systems, Branchburg, NJ, USA).
For resistance determinations, VF was identified using the TLOVR (non-VF censored) imputation method, meaning that no viral load imputations were performed at time points after the last on-treatment viral load determination for patients who discontinued for reasons other than VF (non-VF). Patients who discontinued before week 12 were not taken into account to determine VF.
Patients with VF were defined as 'never suppressed' (never achieved a confirmed virological response, that is, HIV-1 RNA<50 copies/ml) or 'rebounders' (achieved two consecutive HIV-1 RNA values of <50 copies/ml, but subsequently either reported HIV-1 RNA≥50 copies/ml at two consecutive time points or discontinued with a last observed HIV-1 RNA value of ≥50 copies/ml). Rebounders were considered as VFs at all visits following confirmed rebound, even if confirmed resuppression (plasma HIV-1 RNA<50 copies/ml) was observed. The proportions of patients with VF were compared between treatments using the Pearson χ 2 test in a post hoc analysis.
Phenotypic resistance was defined as having a fold change (FC) in 50% effective concentration above the biological/clinical cutoff, as determined by the Antivirogram ® . The clinical cutoff of 10 was used for both DRV [13] and LPV [14] ; a clinical cutoff of 3 was used for tipranavir [15] and 1.4 was used for tenofovir disoproxil fumarate (TDF) [16] . The biological cutoffs of 2.2, 2.1, 2.3, 2.2, 1.8 and 3.1 were used for amprenavir, atazanavir (ATV), indinavir, nelfinavir, saquinavir (SQV) and emtricitabine (FTC), respectively. PI resistance-associated mutations (RAMs) were based on the International AIDS Society (IAS)-USA list [17] and were classified as major (also known as primary) PI RAMs and minor PI RAMs. In order to provide data on developing mutations that were comparable to that presented in another study of boosted PIs in treatment-naive patients (CASTLE) [18] , naturally occurring polymorphisms were excluded from the IAS-USA list of PI RAMs. Accordingly, mutations were further classified as non-polymorphic major (D30N, V32I, M46I/L, I47A/V, G48V, I50L/V, I54A/L/M/S/T/V, L76V, V82A/F/L/S/T, I84V, N88D/S and L90M) or nonpolymorphic minor (L10F/I/R/V, V11I, L24I, L33F, E35G, K43T, F53L/Y, Q58E, A71I/T/V, G73A/C/S/T, T74P, N83D and L89V).
DRV RAMs and LPV RAMs were based on the IAS-USA list [19] .
The development of resistance at end point was studied in patients who experienced VF. The development of a mutation was defined as the detection of a mutation by population sequencing at end point, but not at baseline or pre-baseline.
Adherence
Adherence to the trial medication was assessed using patient self-reported adherence (Modified Medication Adherence Self-Report Inventory [M-MASRI]) [20] and pharmacokinetic sampling. Suboptimally adherent patients were defined as those with week 4 through to week 96 average adherence ≤95% [21] or those with at least one measurement below the lower limit of quantification (5.0 ng/ml and 10.0 ng/ml for DRV and LPV, respectively) at any time point. All patients with available data, including non-VFs, were included in the adherence assessments.
Results
Baseline characteristics
In the ARTEMIS Trial, a total of 689 patients were randomized to receive once-daily DRV/r 800/100 mg (n=343) or LPV/r 800/200 mg total daily dose (n=346) plus fixed-dose TDF/FTC once daily. Baseline demographics and disease characteristics were well-balanced between treatment groups (Table 1) . Mean baseline HIV-1 RNA was 4.85 log 10 copies/ml and the median CD4 + T-cell count was 225 cells/µl. Overall, most patients (64%) had Centers for Disease Control and Prevention (CDC) category A HIV infection ( Table 1) .
The majority of patients (61%) harboured HIV-1 subtype B, 13% harboured HIV-1 subtype C, 17% harboured HIV-1 subtype CRF01_AE and 9% harboured another HIV-1 subtype.
There were no relevant differences between the treatment groups with respect to any baseline protease mutations. Overall, at baseline, the median number of PI RAMs was 3 (range 0-11) and the median number of major (primary) PI RAMs was 0 (range 0-3).
At baseline and/or pre-baseline, a low level of transmitted drug resistance was observed in the study population, with 2% of patients harbouring at least one PI RAM and 4% harbouring at least one nucleoside Viral load ≥1,000 copies/ml (n=26) reverse transciptase inhibitor (NRTI) RAM according to the list of transmitted drug resistance mutations proposed by Shafer et al. [22] .
The prevalence of PI RAMs in this trial is in agreement with the reported prevalence in PI-naive HIV-1-infected patients [23] .
Virological failures
In the 96-week analysis, the VF rate was significantly lower in the DRV/r group (12%, 40/343 patients) than in the LPV/r group (17%, 59/346 patients; P=0.0437), with fewer rebounders or never suppressed patients in the DRV/r than the LPV/r group (Figure 2) . A similar proportion of rebounders in the DRV/r and LPV/r groups (50% [12/24] versus 48% [16/33] , respectively) had transient HIV-1 RNA increases (confirmed HIV-1 RNA≥50 copies/ml) and subsequently returned to undetectable by the time of the final HIV-1 RNA measurement without any changes to their study regimen.
VF was not associated with transmitted drug resistance in this study. Only one out of 40 DRV/r VFs harboured PI resistance mutations [22] at baseline or at pre-baseline (I84V and L90M), and one DRV/r VF and one LPV/r VF harboured NRTI resistance mutations [22] 91 (27) 95 (27) C, n (%)
26 (8) 34 ( 
Development of mutations and changes in ARV drug susceptibility in VFs
The development of mutations was studied in VF patients with available baseline and end point genotypes. Figure 1 presents an overview of end point genotypes obtained from all patients with VFs according to the HIV-1 RNA levels. In the DRV/r group, 31 out of 40 VFs had paired baseline/end point genotypes of which 19 had HIV-1 RNA≥50 to <1,000 copies/ml (76% success rate) and 12 had HIV-1 RNA≥1,000 copies/ml (92% success rate). In the LPV/r group, 46 out of 59 VFs had paired baseline/end point genotypes, of which 20 had HIV-1 RNA≥50 to <1,000 copies/ml (63% success rate) and 26 had HIV-1 RNA≥1,000 copies/ml (100% success rate). Among the VFs in either group with an available genotype at baseline and end point, no major (primary) IAS-USA PI RAMs developed (Table 2 ).
In the DRV/r group, four VFs developed one or two IAS-USA minor PI RAMs at end point: L10V, I13V and G16E (each in one patient) and I13V+G16E (in one patient; Table 2 and Figure 3 ). After exclusion of naturally occurring mutations (polymorphisms), only one VF in the DRV/r group developed one minor nonpolymorphic IAS-USA PI RAM (L10V). None of the developing mutations corresponded to DRV RAMs.
In the LPV/r group, seven VFs developed one or two IAS-USA minor PI RAMs at end point (Table 2 and Figure 4) . These included I13V (in two patients), L33V, M36I, A71V, V77I (each in one patient) and A71T+V77I (in one patient). After exclusion of poly morphisms, two VFs developed one minor nonpolymorphic IAS-USA PI RAM (A71V and A71T). Both mutations are described as LPV RAMs.
Changes in susceptibility to study PIs or NRTIs at end point as compared with baseline were studied in VFs with available phenotypes at both time points. Baseline and end point phenotypes (Antivirogram ® ) were available for 30 of the 40 VFs in the DRV/r group and 43 of the 59 VFs in the LPV/r group ( Table 2 ). All HIV isolates from VFs with available phenotypes at baseline and end point remained susceptible at end point to all PIs, including the regimen PIs.
Two VFs in the DRV/r group developed an NRTI RAM: M184V and M184I/V (FTC RAMs; Figure 3 ). The development of both these mutations was associated with decreased phenotypic susceptibility to FTC, which was included in the background regimen. A further VF in the DRV/r group did not develop any NRTI RAMs, but showed decreased susceptibility at end point to TDF, although the TDF FC value was just above the biological cutoff at end point (TDF FC value changed from 0.7 to 2.7 at end point).
Five VFs in the LPV/r group developed an NRTI RAM: K70E (TDF RAM), M184I and M184V (in three patients; Figure 4) . Development of the FTC RAMs M184I and M184V was associated with decreased phenotypic susceptibility to FTC.
A detailed overview of resistance data for all VFs that developed PI or NRTI RAMs in the DRV/r and LPV/r treatment groups is presented in Figures 3 and 4 , respectively.
Adherence in VFs
Overall, adherence was high. There was no significant difference between treatment groups with respect to the percentage of adherent patients throughout the trial: [19] . c Data from [18] . For Antivirogram ® data, fold change (FC) in 50% effective concentration values above the biological/clinical cutoff (decreased susceptibility) are shown in italics, and baseline (BL) to EP changes in FC values from susceptible to decreased susceptibility are presented in shaded boxes. DRV, darunavir; DRV/r, darunavir/ritonavir; FTC, emtricitabine; IAS-USA, International AIDS Society; LPV, lopinavir; NRTI, nucleoside reverse transcriptase inhibitor; NS, never suppressed patient; PI, protease inhibitor; RAM, resistance-associated mutation; RB, rebounder; TDF, tenofovir disoproxil fumarate; VF, virological failure; Wk, week. Data from [19] . the percentage of adherent patients (M-MASRI, self-reported week 4-96 mean adherence >95%) was 83% for DRV/r patients and 78% for LPV/r patients [24] . A higher frequency of suboptimal adherence (M-MASRI) was reported in patients with VF compared with patients without VF (defined as >50 copies/ml, using TLOVR non-VF censored imputation algorithm); this difference was greater in the LPV/r than the DRV/r group. In this analysis, 24% of the DRV/r VFs versus 17% of patients in the DRV/r group excluding the VFs were suboptimally adherent. In the LPV/r group, 40% of VFs versus 20% of patients in the LPV/r group excluding the VFs were suboptimally adherent.
According to the pharmacokinetic sampling, 20% of the VFs in the DRV/r group had at least one DRV plasma concentration measurement below the lower limit of quantification and were classed as suboptimally adherent, as compared with 4% of patients in the DRV/r group excluding the VFs. Similarly, in the LPV/r group more VFs than the subgroup excluding the VFs were suboptimally adherent according to pharmacokinetic sampling (32% versus 9%, respectively).
Discussion
In addition to durable efficacy, favourable tolerability and convenience, the potential for the development of resistance is an important factor to consider when choosing a first-line ARV regimen [25] . The sustained efficacy and favourable tolerability of oncedaily DRV/r 800/100 mg in treatment-naive patients in ARTEMIS have been previously reported [9] . The present analyses showed that once-daily DRV/r 800/100 mg was associated with a low rate of VF, lower than that with LPV/r, and no major IAS-USA PI RAMs developed over 96 weeks.
As expected in this treatment-naive patient population, there was a low frequency of patients harbouring transmitted resistance mutations [22] at screening and/ or at baseline. The prevalence of PI RAMs at baseline in this trial is consistent with the reported prevalence in PI-naive HIV-1-infected patients [23] . Importantly, transmitted resistance was not associated with an increased risk of VF in this study.
The percentage of patients with VF was low in both the DRV/r and LPV/r groups. The lower percentage of VFs on DRV/r compared with LPV/r might be a result of the longer plasma half-life of DRV (15 h) versus LPV (5-6 h) and of the tight binding of DRV to wild type HIV-1 protease. This binding affinity is >100-fold higher compared with other PIs, including LPV, because of the very high dissociative half-life of DRV, indicating that the duration of DRV drug action is longer than LPV [26] .
It should be noted that the current study used the COBAS HIV-1 Ampliprep Amplicor Monitor ultrasensitive assay version 1.5 (Roche Diagnostics) to quantify viraemia. When other assays such as the COBAS Ampliprep TaqMan HIV-1 assay are employed to monitor viral load, a greater frequency of patients with viraemia might be recorded. However, the clinical relevance of this increased HIV RNA detection has not been clearly established [27] .
The same resistance testing protocols were used for samples with low HIV RNA concentration. It has been observed that for HIV-1 RNA levels ranging from 0-1,000 copies/ml, the success rate increases from 28% (0-100 copies/ml) to 80% (901-1,000 copies/ml). Genotyping can be reliably performed on samples with HIV-1 RNA between 500 and 1,000 copies/ml [28] . In this study, samples from VFs with HIV-1 RNA<500 copies/ml were also analysed. The risk of these results from plasma samples with a very low viral load being less representative of the circulating viral population is higher than with results from samples with a higher viral load. However, in this study, all attempts were made to detect the presence of resistance mutations at end point independently of the viral load, recognizing that when a mutation is detected it is present although possibly on less abundant quasispecies. All PI and NRTI RAMs detected by population sequencing at end point, but not at baseline or at pre-baseline, were presented.
Consistent with previous first-line boosted PI-based studies [29] , no major PI RAMs developed in VFs with an available genotype at baseline and end point in either the DRV/r or LPV/r group and almost all minor IAS-USA PI RAMs that developed in VFs were polymorphic. Furthermore, in both DRV/r and LPV/r groups, all VFs with available phenotypes at baseline and end point remained phenotypically susceptible at end point to all PIs, including the study PIs used in the regimen.
The reasons for the absence of major protease RAMs in treatment-naive patients failing a boosted PI-based regimen are not fully understood, but might result from a complex interaction between the favourable pharmacokinetics and cell/compartment penetration and the high genetic barrier to the development of resistance [29] .
Overall adherence in ARTEMIS was high. The correlation between adherence and treatment success has been demonstrated across a number of ARV therapies, including PIs [30, 31] . Consistent with these findings, in ARTEMIS a higher frequency of suboptimal adherence was observed in VFs than in patients not failing virologically in both treatment groups. The difference in adherence level between VFs and patients not failing virologically was greater for LPV/r than for DRV/r patients. [18, 32, 33] . Although comparison across trials is difficult because of multiple confounders, patients in these trials demonstrated low rates of VF and a low frequency of development of major PI RAMs [18, 32, 33] .
In conclusion, the findings of these resistance analyses in treatment-naive patients from ARTEMIS show a low rate of VF with once-daily DRV/r 800/100 mg, which was lower than with LPV/r. Furthermore, the results of these analyses also confirm the lack of development of any major PI RAM with once-daily DRV/r 800/100 mg or LPV/r 800/200 mg total daily dose and demonstrate that phenotypic susceptibility to all PIs studied was preserved in patients with VF in ARTEMIS. Overall, these analyses could provide a better understanding of the resistance profile of once-daily DRV/r in treatment-naive HIV-1-infected patients, which might assist clinicians when making treatment decisions.
